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Gertulrl 13. ‘I’eiiney, G M X - 1 gi ou 1’ 1 cntlcr, i y  t he 
I !)lid wiriiicr of the drilYont Award l o t  acliicve- 
nicrit it1 llic licltl ot nondcsii IN tive testing. l c n -  
ncy IC( civcd tlre nwnrtl, Ociobci- 22, in l’hilatlcl- 
p l i  ia, I ’mncylvanin,  (luring t he  annual tonveni ion 
of ih(% So( ieiy Joi Nondcstruc live l’csting. I l c  is 
it ]xi~,t l)rc\itlcnt oI the SN7‘. l’lic ciixl’orit Award 
is grarircd io  aii iudividii;ll who has rnadc out 
si,itidirig coiit I ibiitioiis to Ii ic  prdc>ssion through 
I h e  iise of fluorcsc cnt prcseittation or photograph- 
ic r c u m l i n g  ol pcnrt rntirig radiation. 

Airlrorrie lallout, ;ip1);11 cntly Crorri thc nuclear 
explosion in Rcd (Xiiiia, Octolm- 16, h a 5  Ixcn dc- 
tcc iccI on exircincly scnsiiivc air \ampling i n r t r ~ r  
iriciiis at LASI,, I I l)ivi5ion, I,catlci ’Thomas 
SI1 i1)rtiitn iclmrtctl. Tlic lcvcl ol radioaci ivity dc- 
t c ~ t c d  is Iar bcloiv that which slioiild cause con- 
(cii i  ovc-r Iic;rltli or sniety,  l)r. Sliipiiian said. 
Simil~ti inci c ~ ~ w s  in tlic iadiation bat liground 
wcr(b i ioi  ctl on iiistriinicni5 oi the Sandia Corpor- 
,it ion in Alhirqiierque and the New Mexico De- 
partmcni 01 1’ul)lic. I-lealth in §anta Ice. 

P,OS Alamos County will so? a big growth in pop 
~ r l i t t i o t i  tliiriiig ihc (onling year il predictions b y  
tlic C h u n t y  T’laniiitig I)cj)artmcn~ p r o v e  trire. T l ic  
dcpai tiricn~, tvliicli est irri,ttes tlic county’s  picsent 
nrrnrl)er oi I-csidcnts at 14,200, lorcsces i1 popL1la- 
tion ol l( i ,OOO hy tlic la11 of 1965. Private home 
bixild iitg, freeing govcrninc~it owned dwellings fol  
;in inllux 01 persons i o r m r r l y  living in  ncighhor 
ing corrn~ics, is i l i c  appaicrtt   ax^ lor most of tlic 
grcnvtli. 
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The Laboratorv’s Role- 
AN INTERVIEW WITH DR. RODERICK W. SPENCE 

Probably no LASL program is more widely heralded yet so little under- 
stood as the Laboratory’s role in Project Rover. The true nature of the nu- 
clear rocket propulsion program and its real objectives have often been over- 
shadowed, even obscured, by apparent successes and failures of individual 
reactor tests. 

THE ATOM feels that the following interview with Dr. Roderick W. 
Spence, N Division Leader and head of LASL’s Rover research, does much 
to clarify LASL’s place in the overall project. He discusses in depth a broad 
range of objectives, problems and plans and expresses many of his own 
opinions about Rover. 

The interview was transcribed from a tape recording and is presented 
here almost in its entirety in its original question-answer form. Minor editing 
was done in the interest of clarity and to avoid repitition. 

While it is somewhat lengthy, we feel it is rewarding reading for all who 
have an interest in the Laboratory and its programs. 

Dr. Spence, would you discuss just where the 
Laboratory is today in the Rover Program? We 
understand that the Kiwi reactor phase has been 
completed and LASL will now go into what is 
called the Phoebus phase. Bu t  does this mean that 
we’ve reached some sort of Rover milestone? W h a t  
is involved in Phoebus? 

The  fact is, there is no great break between 
these two programs. It’s generally said that the last 
run, with the possible exception of the T N T  experi- 
ment, marked the end of our Kiwi program, and the 
next reactor test that we run will be the beginning 
of our Phoebus program. But from the technical 
viewpoint, there is remarkably little difference be- 
tween Kiwi E-301, the last reactor we ran, and 

Phoebus 1-321, which will be the first Phoebus 
reactor. They are, in essence, the same reactor. 

What we will do is take the results from our 
previous tests and try to improve the reactor in a 
variety of ways. It’s the beginning of the Phoebus 
program in the sense that we are trying to achieve 
Phoebus objectives. We want a reactor which will 
go to as high a temperature as possible. And we’d 
like a long life. And finally, it’s always nice for 
space applications to have a low weight. We get 
low weight by having what we call a high power 
density; that is, for any given reactor volume, we 
want the power to be high-as high as is compatible 
with the other two objectives of long life and high 
temperature. 

Now, what many people mean by “Phoebus 
program” is none of these things, but rather, the 
development of a larger and more powerful reactor. 
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Dr. Roderick W. Spence was Alternate N Division Leader 
froin 1955 until his appointment, three years ago, to 
heud the I.aboratory‘s nuclear rocket propulsion pro- 
gram as N Division Leader. 

5 



We’re Primarily 
Looking for Answers. 
Sometimes the Answers 
Will Say ‘Don’t Do 
It That Way.”’ 

‘ 6  
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Continued from preceding page 

Kiwi (and therefore, NERVA) reactor. Another 
possibility is to wait until the Phoebus-2 technology 
has been developed and then proceed with the en- 
gine based on that reactor. 

T h e  Phoebus2 that you mentioned-you did say 
it would be larger than the thousand megawatt 
Kiwi-B reactor? 

Yes. It’s roughly in the 5,000 megawatt range. 

Would  you consider this reactor to be the ul- 
timate in the heat transfer type of nuclear reactor? 

Do you mean by that, “Would it be useful 
sometime to build an even bigger one? 

That’s right. 

Possibly. It’s very hard to say. The present be- 
lief is that if you can clustcr a few of these you may 
never nced to develop a bigger one. 

W e  recently had a very successful r u n  of the 
Kiwi-B4-E reactor in which the reactor was oper- 
ated for  eight minutes until it ran out of liquid 
hydrogen propellant and, I think 13 days later, the 
reactor was re-started. Could you tell me ,  one, the 
significance of the eight-minute run, and, two, the 
significance of the re-start? 

For the first part, the signficance ol‘ an eight- 
minute run is tied up with the fact that we know 
now that reactors for space use are going to have to 
have lifetimes ol at least 20 minutes. It is important 
that we can demonstrate that our reactor design 
and our reactor materials are compatible with a 
lifetime of at least 20 minutes. From thc way the 
reactor behaved and from the post-mortem, I think 

we are very encouraged that 30 minutes is a reason- 
able goal for the reactors we’re dealing with, The 
ultimate lifetime may well be longer but we feel 
quite hopeful that we can at least do that. Of 
course, we still have to demonstrate that we can 
run longer than we did in the B-4E test. But we’re 
very encouraged. The  basic reactor looks good. 

The re-start is just something we have to do. 
For some time we won’t have the hydrogen capacity 
at Test Cell C to get long-lived tests without hav- 
ing to interrupt the run to re-fill the hydrogen 
Dewars. So our reactors have to be able to cycle 
thermally. So far as the B-4E restart was concerned, 
we didn’t anticipate that anything bad would hap- 
pen, but sometimes unknown things crop up. But 
apparently nothing bad happened. 

About  how long would a nuclear rocket engine 
be required to  run in actual Pight, say, to Mars? 

I think there isn’t any single answer to your 
question. It depends upon the year that you’re at- 
tempting thc Mars mission, on the weight of the 
vehicle you’re trying to push, and on the nuclear 
rocket thrust-that is to say-on the thrust-to-weight 
ratio which determines the acceleration. Studies 
that have been macle so far usually come out with 
running times of from 20 minutes to an hour, de- 
pending upon the details of the mission. There are 
at least three parts of the journey that nuclear roc- 
kets have been considered useful for. The  first part 
of the journey, the toughest part as far as thrust is 
concerned, is starting from earth orbit and going 
close to Mars. Running times here with clustered 
cngincs rarely run more than 30 or 40 minutes. 
They could be as low as 20 minutes. The  next job 
that has to be done for manncd Mars missions-if 
it’s not just a fly-by mission-is to go into an orbit 
around Mars, which takes energy. That  probably 
would not require any more than a single Phoebus- 
2 engine, and the running times vary but again 
would be perhaps 20 or 30 minutes. 

Finally, a nuclear rocket could be used to come 
out of Mars orbit on the first stage of return to 
Earth. And that is probably a comparable time, 
perhaps quite a bit shorter. It’s rather seldom that 
nuclear rockets have been talked of for the last part 
01 the journey, which involves landing on Earth. 
Chemical rockets are usually mentioned for that, 
for a variety of reasons. 

W e  hear n lot about thrust i n  talking about 
chemical rockets. Is thrust as important a consider- 
ation in  nuclear yocleets as it is in chemical rockets? 

Well, just  about thc same. The  importance of 
thrust is that, even for orbit-to-orbit missions, you 
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“The Most Badlv 
Continued from preceding page 

which this laboratory would be well equipped to 
work on? 

We are not well equipped to develop a com- 
plete engine here. We are not experts in tur- 
bopumps or nozzle manufacturing, nor putting 
them together in a system. We probably are well 
equipped to tackle some phases of low-thrust de- 
vices. The plasma thermocouple work is a program 
which is aimed at that particular goal. 

Did you read Senator Anderson’s statement the 
other day that he’s going to  push for  a mission? 

Yes, well, you almost have to have some such 
plan. Otherwise Rover can’t go very far beyond 
just developing technology, which isn’t horribly 
expensive and is a good thing to do. But as a major 
program, Rover must fit in with the rest of the 
NASA plans, it  seems to me. Otherwise, there’s-not 
much you can do in the way of extending the work. 
At one time, it was thought useful to have as a goal 
just the demonstration of flight, an honest-to-good- 
ness nuclear rocket flight. There doesn’t seem to be 
much enthusiasm for that any more, although I 
myself think it has virtues. I t  may be too expensive. 
I t  would be better, of course, to be able to sharply 

Needed Thing In th 
define the engine that you need and how you’re 
going to use it so that what you ,flight test for the 
first time is very similar to a useful configuration. 

I suppose that the most badly needed thing in 
the Rover Program is a clear mission-one in which 
you can define what the engine looks like, what it 
has to do, how many minutes it runs and what its 
performance has to be. 

I n  a way, all of this does not affect the imme- 
diate work that LASL is going to do in Rover. Our 
program, to a large extent, is almost independent 
of the NERVA work. All of our Phoebus work is the 
development of technology. Even in the absence of 
definite flight plans, or even in the absence of a 
definite engine development, everything we’re do- 
ing is advancing the Rover technology. Going on 
to achieving higher temperatures, achieving longer 
life, achieving lower weight, extending these to a 
bigger reactor, are all largely independent of the 
exact future use in space exploration. 

What is involved i n  making a n  engine out of the 
reactors we have now? 

There are a few things that I know of specific- 
ally. We do not incorporate shields anywhere near 
the reactor, which presumably would be an integral 
part of a flight engine, particularly a shield be- 
tween the reactor and the hydrogen tank. We don’t 

Duration of a Rover reactor test de- 
pends upon the storage campacity of 
liquid hydrogen propellant. Here, an 
additional 100,000-gallon Dewar is 
enroute to a test cell after being as- 
sembled at the MAD Building. 
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Then it looks like 1365 rilso? 

No, I don’t think so. Glrc’ll contiriiic tests with 
tlic p1cwi11 s i m l  icacitors. 

Ucs, wr  will. 1 don’t h o w  exactly how many. It  
tlcpcntls a gootl deal on w h t  tiinc sclicdulc wr rnd 
rip wi111 loi Phorbus-2. It is our present bclicl that 
I lie l’lioebns-2 timc scliedulc will be governed p i -  
imrily b y  lhc ~to//l(, tlcvclopmcnt. Perhaps the 
t urbopump, hu t  1)rob;rbly t lie iio//lc. ‘There worxld 
no1 b t ,  inriclr I)oinl in getting a reactor all h i l l  if 
we touldii’t test it Cor a yt’ili, 40 wc will Iiavc to 
gc>,ir our Phocbiis 2 reactor schctlulc to tlic rest of 
the 1i;uclwx-e. II we Iiavc to hold t ip  1)ccausc we 
kiiow thelc will be a tlcldy, il would be r;ilhcr na- 
t i i rJ  roi 11s to coitlinuc our tc5t5 with tht’ present 
si/c I (\act 01 . 

’ / ‘ l i e  1’hocbu.s reactors will,  would you. say, he 
higher @uer than the Kiwi reactors. W h a t  arc 
these r e a c l o ~ ~ s  going lo look like? Are t h e y  going to 
resen?Dle tlrc Kiw i  reactors? W i l l  they be larger? 

Y’ltc Phoel1r15 2 ieactor 15 a largcr reactor than 
0111 pcacnt one. I t  will lie larger in si/e and Iiighrr 
in powci .  We will attcnrpt to iritrcase the power 
tlensity, that is t o  say, 11 it’s twice tlic volume, wc’d 
likc io gct imrc  thaii twitc tlia power ~ U I  of it. 
Our expel iiiiriits with the present s i d  reactor will 
not involve inurli incicasc in p r  eserit power until 
wc ( c t ~ i  get the nctcssaiy liartlwaic t b a ~  will cnablc 
LIS io i i in a t  higher powci. Fiist we’ll try to in 
( 1  eitw tc rnpcritt~i~ e5 somewhat, and lilctirncs. And 
of Lonrw, try out v;iriour tlcsign schcrncs that might 
be 1 ) i t1  iicularly wit able h i  t1ir 11110r1~1is-2 rcactor. 
But thc gciicial leal i i rcs of tlic icxtors arc thc 
sciint’, You a & ( ~ l ,  “Worild they be similar?” Yes, 
vcry 4 i i i L t i .  I hc \hisic tct liriology would riot be 
vcry tliilcrcnt. 

W i l l  yori huve CIS mcrny people here at  LASI, 
.ruo,rli iq on llre I’Iioebus progimtz os ILOIJI: Oeerr en- 
gclged in the  K i w i  program? Will there lie a n  in- 
crease in personnel? 

I thiiik it will 1)c a t  a h o u ~  tlic sitrnc Icvcl. N o  
gicat tliangc. 

l’eoplc in, Nevada,  thcn, arc going to have 
plen,ly of ~ o r l i  t o  do? 

Continued on next page 
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“We K n o w  How to Des ign  Reactors 
O u r  Basic Des ign  
Looks Good.” 
Continued from preceding page 

Yes, because we will have a succession of tests. 
We would like very much to have about two tests 
at Nevada per year. That’s the kind of a schedule 
that we find comfortable. 

How long will LASL be inwolwed in the Rover 
Program, as you see it? Is the Phoebus program, for 
instance, something that will be literally accom- 
plished in, say, three years, four years? 

Probably not, in that short a time. But it is 
true, that within at least a few years after that, I 
would say the basic work has been done. Of course, 
you never know what will be uncovered in the in- 
tervening years and it may very well be there will 
be some natural development that LASL will want 
to do. But at the present time we would think that 
the Phoebus work would end some time. I t  would 
not be as early as ’67, but it could be as early as ’70. 

Well ,  is there some sort of obvious phase of 
work which will come along at this time or are we 
going to hawe to  find an entirely new program in 
order to occupy the people now working on  Project 
Rover? 

I think we will have to find a new program. I 
don’t think we would anticipate the present num- 
ber of people working on solid-to-gas heat exchang- 
ers forever. So I think it means we must find new 
and interesting programs particularly suited for the 
Laboratory and its personnel. And, in fact, there 
are many people thinking about such advanced 
work already, but there is nothing that I can say 
about it. 

Dr. Spence, one further thing. Would you  sum- 
marize what has been accomplished by LASL up to  
now in the Rouer Program? 

I think we’ve achieved a level or plateau of 
performance which it was necessary to do before we 
could go very much further. This has not been any 
sudden thing, but rather the accumulation of the 
last eight or nine years of work in the Rover Pro- 

gram. We have, as an example, developed a good 
fuel element; we know how to design reactors; we 
know how to flatten the temperature so that it’s 
possible to get a good high average temperature. 
Our basic design looks good; we know how to test 
these reactors in Nevada; we’ve learned how to deal 
with liquid hydrogen; we know how to control 
these reactors-meaning that we can control the 
power, the temperature and the hydrogen flow. 

I don’t mean to imply we have an optimum re- 
actor as of today, not even in the present size. But 
I do think it is possible now to do optimization 
work. We aren’t satisfied that our temperatures are 
as high as we can achieve. We’re not satisfied our 
reactor lifetime is as high as we can get. But we 
know the directions to go. You asked earlier, “Was 
there any particular signficance in that eight-minute 
run?” There was one major significance: i t  could 
be done. We had a reactor which gave a good basic 
performance, and once having achieved that, it 
should be possible to do a lot more fruitful work. 

The  fuel element work, which takes almost a 
third of all the LASL people in Rover, has been a 
long development program, starting from almost 
gloomy prospects in the very early days, to the pres- 
ent high level of performance. If we had been faced 
in 1955, and even 1957, with the prospects of hav- 
ing to develop a fuel element which would last for 
half an hour, I don’t know whether we would ever 
have started. We were thinking in terms of much 
shorter times in those days. Incidentally, we’re now 
getting about to the stage in our development 
where it will be necessary to run reactors until 
we’re forced to shut down, until something fails. 

Yes, Z thinft others have also said: Zf you can re- 
start a reactor and run  it again and again, it’s a 
lot cheaper than building a new reactor each time. 

Yes, and sometime, one wants to know, quite 
accurately: What is the weakest part of the system? 

And  the only way you can find out is to run  it? 

Keep running until something fails so badly 
that we have to stop. I t  isn’t necessary that it be 
done with any particular reactor, but it should be 
done and done pretty soon, I think. It will be ne- 
cessary in order to pinpoint the weakest points that 
we have to shore up. 

Thank  you very much, Dr. Spence. 
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Concrete walls and bank vaults provided ulfitnate security for storage of nuclear 
material in an u~nusrd ~indergrovnd I.AS1 fcicility built shortly afler World war 11. 

BY EARL ZIMMERMAN 

THIS CAVE WITH 
BANK VAULT DOORS 

WOULD ARQUSE ENVY 
AT FORT KNBX 

One of thc Laboratory’s Icast- 
known but most uniiriial installa- 
tions is, liierally, almost underloot 
when yon travel along ‘Trinity 
1)rivc ticar tlic Zia warehouses. 

I t  is ii con( rcic-lincd t~rnricl ihat 
d e q )  into (lie no1 th late ol 

[,os Alanios Canyon, at 1.A-4 I .  
N o  iricre cubbyhole, the main 

tunnel can accommodate a large 
truck lor nearly 250 feet of its 
Irngth. The  cntirc man-made cav- 
cin has a floor aiea of morc than 
6000 square f re t .  

I’hc project ilia( crcated thc tun- 
nel ant1 it4 imtlcrground rooms was 
tonccivccl tluiirig one of the post- 

Continued on next page 



Edwcird Nicicmatiti (left) and L'Valicr IJnger, both W-7 staff members, stand in 
Ihe rncrin ~1ccess prrssugctwny tlirut leads deep into a canyon wall u t  W Site. 





Picking piiion iiuts is a family activity cirouncl 10s Alamos, but a good crop comes 
along only orice in two to rive years. 

(In a 

Don’t scll the pifion short. Thosr 
iunny looking clwarl conifer trees 
that grow around Los Alamos arc 
inipoi tant. Thcy have provided 
man with Lood, Iucl aiid shcltcr 
siiicc hc first sct foot in what is 
now thc wcstern and soiithwestcrii 
regiorir or tlic U.S. 

Growing on 25 million acrcs of 
laiid lrom Tcxas to Calilornia arid 
lroni Idaho to Mexico, the piiion 
ranks first in commcrcial valuc 
airlong non-c iiltivated nut trees in 
tlic nation. 

Thc liarvest of its small thin- 
shclled n u t s  avcragcs allout a inil- 
lion pounds a ycar, most of it going 
to NCW York where the nuts arc 
rncc1i;tnically shelled and sold to 
candy makcrs. Good crops will yield 
up to 300 pounds pcr acrc but thcy 
occur only oricc in two to fivc ycau s. 

Tlic Colorado Pifion, which, clc- 
spitc its namc, is the statc tree of 
Ncw WIcxico, produces thc best 
nuts. Also very tasty are those ol 
tlic Single-lraj l’ifion of tlic Far 
Wcst. A thiitl variety, the Mexican 
Pifioii, produccs an cdiblc nut but 
wit11 n hard shcll that is tough to 
crack. 

A commcrcial woodyard tan do a 
good busincss simply by providing 
aromatic pifioii logs for fircplaccs, 
but tlic wood h a s  also bccn uscd for 
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railroad ticb, mine prop, leiice 
posts and the ~ ~ ) ~ ) r - ~ i I I ~ l ~ o r t i i l ~ ~  vigas 
o f  anrient ‘Indian pwblos. 

Iricensc., n~iltlr from the ~t u s l ~ t l  
coiics 01 the piCilon, i h  uscd i o  scent 
(antiles or is bur lied in pcllet loim. 
h d i a n s  uscd the s a p  01 pitch its a 
taulking corn1,oiind IO makc water- 
tight baskets. ‘ l l ~ c  sticky sliril 1s a 
natural glnc inti is still usrd  lor 
tcnicntiiig t r q u o i s e  and other 
scmi-prccious ;toms into inh id  In- 
d i a n  jewelry. 

Thc trces :eldoin grow taller than 
25 fcct. Being sliallow rootctl, they 
grow best in ioc’ky soils and thrivc 
rsiict idly wrll iii  semi-arid 1 cg,‘ ’ions 
at tllcvalions brtwccn 4,000 .tnd 
9,000 Tcct. 

I I’ifions arc slow-growiq bat 
long-lived. ‘l’hcit lriink clianii’tm 
rnay iiicreiisc only n half i r i t h  i i i  ten 
ycai \ biit thcy ticcdn’r he in , I  I I U I  I y 
to grow 1)rcauw thcy ciiii cxlrcr~ 1 0  
livc 500 or 400 years. 

A Lter ccntui ics, oi helping 1x0- 
vi&* uicn with iicccssitirs, tlir pixion 
has only rccc ntly aswnictl mi 
tliei ic purpo4f ~ 11 is becomiiig vcry 
1)opditr for iandscaping a i d  hr15  
bcca transpl;uiteii SUC ccsdall y as lar 
away from its natiirnl ciiviroriinrnt 
as P3cw Engl;iritl. A lot ol people 
cvcn prefer tlic pitiion as <L Chrlsl- 
inas trce. Maybe- its no4 friiuiy look- 
irig alter id1. 

A5 rnuriy us 30 pifion nuts are produced from u single cone. Below, u map of the 
wcsterrr states sliows ihe regions wherc the different species of piilons grow. 
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H-4’s Marvelous 
Synchronize d Cells 

BY BARBARA STORMS 

“I’m afraid it’s going to be a 
while before we can build a Bri- 
gitte Bardot here in our lab,” 
mourns Wright H. Langham, lead- 
er of LASL’s Biomedical Research 
group. 

Nonetheless, H-4 has plunged 
enthusiastically into a major pro- 
gram of cellular and molecular bi- 
ology, fields of nearly limitless 
horizons which should some day 
provide man with enough under- 
standing of life processes not only 
to overcome the major problems of 
genetics and disease, but ultimately 
to create living organisms to his 
own designs. 

Once concerned primarily with 
effects of radiation on living things, 
th,e Health Research group has now 
shifted its emphasis to delving still 
deeper, studying the very funda- 
mental processes of living cells to 
find out how and why living things 
are affected as they are. 

“No real progress will ever be 
made in studying radiation effects 
or cancer without a clear under- 
standing of the fundamental bio- 
chemistry of living cells,” explains 
Cellular Biology Section Leader 
Don Petersen. To  subject a cell 
with radiation or a potential can- 
cer drug to see if it’s killed or dam- 
aged “is like throwing rocks at a 
telephone exchange to find out how 
it works. It’s just too crude.” 

To carry out the program, H-4 
has been acquiring for the past year 
and a half, a corps of eager young 

PhD.s-microbiologists, virologists, 
and bacterial geneticists-who oper- 
ate under the guidance of Alter- 
nate Group Leader Don Ott. 

The  first obstacle getting down 
to cell fundamentals is the growing 
of cells in an artificial medium in 
quantities large enough to permit 
significant biochemistry by conven- 
tional methods. 

Since mammalian cells were first 
grown artificially, scientists have 
been able to use cells in tiny quan- 
tities a half dozen or so, to poke, 
prod and introduce various drugs 
and chemicals to study effects, or 
even to perform painstaking mi- 
crobiochemistry by methods that 
may take months or even years to 
develop. For biochemistry by con  
ventional methods, cells and their 
various components are needed in 
relatively huge quantities. 

H-4 has achieved these quantities 
by growing cells in agitated suspen- 
sion cultures in volumes up to 18 
liters. Each liter produces about 600 
million, or one gram of cells. The 
standard method, by comparison, 
is the monolayer culture in which 
a layer of about 1.5 million cells 
grows on the flat side of a small 
flask about the size of a vanilla 
bottle. 

The scientists work with one line 
of cancerous cells from a human 
female and another from a benign 
tumor of a mouse, but are most 
interested in the normal cells from 
the ovary of a Chinese hamster. 

Once the large quantities of these 
cells are obtained, however, the re- 
searchers have little more than 
large quantities of confusion. 

The life cycle of the hamster cell 
lasts from 11 to 14 hours, during 
which time it goes through three 
growth phases before dividing it- 
self into two new cells. A test tube 
full of a few million cells, there- 
fore, will include a conglomeration 
of cells in every possible phase of 
development. But what the re- 
searchers need to know is what is 
happening at precise moments in 
the cells’ growth. 

T h e  key to the H-4 program, 
then, is the synchronizing of cell 
development and this laboratory is 
the first to achieve synchronized 
development in quantities of more 
than a few dozen cells. 

T o  achieve the synchronized 
parade of the cells through their 
life cycles, H-4 scientists use what 
is called a thymidine block. An 
excess of the chemical thymidine, 
added to the medium in which the 
cells are growing, affects their abil- 
ity to produce the critical DNA 
molecules and each cell stops grow- 
ing at the time in its cycle when 
DNA production is to begin. Once 
all the cells have reached that point 
and stopped the thymidine is 
washed out of the culture and the 
entire cell colony proceeds through 
the cycle shoulder to shoulder. 

In this orderly state of affairs, 
scientists are then able to pursue 
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Domoiistration c l i c i l ,  shown by Schttion leader Don Petei!:en, 
illustrates how cell populotions me syric hrnnireci to CJU 

through life cycle together. Thymidine block temporarily 
stops growth of cells at ”S” phase. 

Continued on next page 



Synchronized Cells . . . 
Continued from preceding page 

wrench into the scientific works is 
a subject for investigation. 

Synchronization provides other 
problems, one of which is sleep. 

“It’s gone out of style here,” 
Petersen yawns. “Synchronization 
experiments can last as long as 96 
hours at one stretch. Those cells 
aren’t on an eight hour day.” 

To overcome this problem Ernest 
Anderson is working on a method 
whereby a standard Coulter cell 
counter can be adapted to auto- 
matically sample, count and size 
several cultures of cells every four 
minutes around the clock, record- 
ing the information for well-rested 
scientists to study during more reg- 
ular hours. 

But sleep is not the only incen- 
tive for the effort. At best, hand 
sampling can be repeated only 
about once every hour; the re- 
searchers need precision. 

“We’re trying to improve the 
precision so that we can come to 
within .2y0 of the same number in 
every measurement. So far we’re 
only within lye," Anderson says. 
“In our experiments we’re inter- 
ested in the very small proportions 
of the population, not the aver- 
ages.” 

Anderson’s big headache is the 
machine’s over-long “memory” of 
previous samples. Little bits of the 
first sample will remain in the tub- 
ing which carries the cells from the 
culture to the counter and be re- 
corded with the second sample. 
“We’re trying to find a way to use 
small enough tubing to keep out 
the dregs and still be able to draw 
large enough samples to make i t  
worthwhile.” 

The  process of growing cells pro- 
vides its share of technical prob- 
lems as well. 

The  cells are remarkably per- 
snickety about the food they eat, 
requiring a sort of witches’ brew in 
which to grow. “We know the arti- 

Ernest Anderson works at the problem of adapting cell counter to automatically 
sample, size, and count cell cultures every four minutes around the clock. Cells 
are mass produced in artificial medium in these spinner flakes. 

ficial medium must contain all the 
amino acids and vitamins, but there 
are a lot of other requirements no- 
body seems to understand,” Peter- 
sen says. “Whatever they are, so 
far they’ve been found all together 
in serum of blood from unborn 
calves.” With unborn calves hard to 
comc by, commercial suppliers ask 
$26 a liter for the medium which 
adds up to a staggering $1000 to 
$1200 a month out of H-4’s budget. 
“If cells would grow in bonded 

whiskey we’d save a lot of money,” 
Petersen says. 

The  cells also require absolutely 
sterile surroundings at all times. 
Recently the laboratory inadvert- 
ently received contaminated serum 
and a month or so of work and 
many dollars worth of medium 
went down the drain. The  lab has 
since inaugurated a system of cold 
sterilization for everything used in 
cell culture to prevent further 
disaster. 
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Four 1.0s Alcrrrio!; high x h o o l  boys with some of: the prehistoric pottery they found 
utitlt!r the Whito I<o& rim. 15 i s  tdievecl the pottery may have been put there by 
lewci Iridiaris f rm i  riserge Pueblo as offerings to the rain god Awanyu centuries 
ago. AWCWI),IJ’S eighi-foot pctroglyph (top left) aclarns a cliff. face overlooking 
Pajaaito Rocirl t i l  T + y p ,  near Highway 4. T h e  boys are Conway Smith und 
Micticrel Burkheirnet , above, John Mtrrshall and  Martin Hughes, below. (Photo by 
Bill Megan) 

j 



B) 

Aoricrl plislo shows the! rim rrf { l ie ftio (irande whew iCic pottery discoveries were made. 
Paiurito canyoti is at cerikr, Puirrt-it(, Acres to the left and White Rock to the right. 



Pari o.i the result 0.l u series of  expcditioiis by 10s Alamos high school boys and 
others is {his c,ollcction OC prehistoric pottery jars and bowls, all found iii caves 
nncl  iiic.hc?s wider the While Rock rim. (Photo by Winfred Headdy) 
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25th University-wide Superintend- 
ents' Meeting, sponsored by Uni- 
versity of California, Riverside, Oct. 
1-2: 

"Contract Maintenance at Los 
Alamos Scientific Laborat,ory, Los 
Alamos, N.M." by Charles A. Rey- 
nolds, ENG-4. 

NASA Manned Space Flight Center 
Meeting, Houston, Texas, Oct. 2: 
(CLASSIFIED) 

''St'atus of the Rover Program" by 
Keith Boyer, J-DO. 

Meeting of Rio Grande Chapter of 
Association for Computing Machin- 
ery, Albuquerque, Nh., Oct. 1-2: 

"Nonlinear Least Squares Op- 
timazation of a Physical System" by 
Thomas C. Doyle, T-1. 

"Overflow and Significance Prob- 
lems in New Methods of Finding 
Roots of Matrices and Polynomials" 
by Zane C. Motteler, T- 1. 

"On Finite Difference Schemes for 
Laplace's Equation" by Neil M. 
Wigley, T-5. 

"The S-C 4020 Microfilm Record- 
er at Los Alamos" by Glenn L. 
Carter, T- 1. 

si$e 

5th Annual Symposium of Albu- 
querque Chapter of New Mexico 
Section of ASME, Albuquerque, 
Oct. 17: 

"The Role of Neutronics in Rocket 
Reactor Design" by John Orndoff, 

"Integral Reactor Tests in Project 
Rover" by Keith Boyer, J-DO.. 

"Analog Simulation of Kiwi 
Reactor Controls" by J. E. Perry, 
Jr., N-4. 

N-2. 

The Electrochemical Society Meet- 
ing, Washington, D.C., Oct. 12-15: 

"Surface Tension Determination 
from Frozen Menisci of Cobalt- 
Cerium-Plutonium Alloys" by John 
C. Biery, K-2, and J. M.  Oblak, 
graduate student at Case Inst. of 
Tech., Cleveland, Ohio. 

"The Reaction of Tantalum with 
Mol ten Ceriu m-Co ba I t AI loys" by 
Felix B. Litton and John C. Biery, 
both K-2. 

Lectures: Harvard University, Oct. 
5; National Magnet Laboratory, 
Cambridge, Mass., Oct. 7; Mass. 
Inst. of Tech., Physics Colloquium, 
Oct. 8: 

"The Use of High Explosives in 
Research" by Clarence M. Fowler, 
GMX-6. 

10th Annual Bioassay and Analyti- 
cal Chemistry Meeting, Cincinnati, 
Ohio, Oct. 8-9: 

"Status and Application of Ther- 
moluminescent Dosimetry Systems" 
by Edwin A. Bemis, H-1. 

2nd Symposium on Protection 
Against Radiations in Space, Gat- 
linburg, Tenn., Oct. 12-1 4: 

"Methods in the Evaluati,on of 
Radiation Hazards in Manned 
Space Flight" by D. Grahn (ANL) 
and Wright H. Langham, H-4. 

19th Annual Instrument-Automation 
Conference, New York City, Oct. 

"Cryogenic Temperature Meas- 
urement in a Nuclear Radiation 
Environment" by Charles R. Tall- 
man, N-4. 

12-1 6: 

International Symposium on Insula- 
tion of High Voltages in Vacuum, 
Massachusetts Institute of Technol- 
ogy, Cambridge, Oct. 19-21: 

"Experience with Back-biased Ac- 
celerating Tubes" by J. L. McKib- 
ben, P-9. 

"Magnetic Analysis of Ions In- 
volved in Current Loading" by J. L. 
McKibben, P-9. 

17th Annual Pacific Coast Regional 
Meeting of the American Ceramics 
Society, San Francisco, Calif., Oct. 

"Radiation Damage to Alkali 
Halides and Other Simple Ionic 
Crystals" by Frank E. Pretzel, 

28-30: 

CMB-3. 

Nuclear Materials Management 
Meeting, Gatlinburg, Tenn., Oct. 

"Nuclear Criticality Safety C,on- 
siderations in Transportation and 
Storage" by David R. Smith, N-2. 

19-21: 
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t3iyhttt Coiiferericc? on hnalytieal 
Chernistry in N(rr:llear 'l*eehnoloyyy, 
Grrthiburg, Tetiti., (3et. 6-8: 

"Applications 'of ttie Eleciron 
F'robe Mic;roanalyzer to the Deter-. 
mination of Trace Cotisiitucrits in 
Kouctor Materials" by E. A. I-Ii:jk- 
kiln, G. K. Wutwbury, and C .  F. 
Metz, (1111 CMB-1. 

"Nie Uetermiiiation of (Ixygen 
in Metallic Sorliom" by K. S. Kwg- 
stressor, G. I?. bvnierbury, twtid C .  
I:. Mct7, uII CMILI 

"The Ilctel-minrrtion of Oxygen in 
i9yrolytic-Ctxrbon Coated Urnniut-ii 
Dicarbidc Beads" by M. E. Smiiih, 
J. M. tiansol, atid G. I?. Waterbui,y, 
(211 CMK-1. 

"TI-IC Scpuraiicii-i ol: Iiumpiurn 
from Fission I'rocluct Saniplcs IJY 
12cd uct ion wit I1 1i.k i u 171 Am a I $3 a t 11" 
by J. Bubernak, M. I.t?w, and G. 
Mailnck, all CMB-1. 

24th National C tmvention of Soci- 
c:ty lor Nondastructive lestiiig, 
Philaclelphier, Pa I C k t .  19-23: 

"The I stablishrnrnt ui a Nculro~i  
Ikrdiography Prtgrtrm twt i l i c t  I ASL" 
b y  13rure I .  Blanks and 12ogc.t A 
Morri:,, bo! t i  GMiX 1. 

"Ai~toradiogl ciphy o l  t uel I./e 
nwnt:, of tCic KIWI keactoi, An t x-  
pet iinttritul Nuc lmr  Roc kei Cnqiiie" 
IJY Cericvieve k. W(iynctr, J - l  1, and 
Kwiy  L .  l3atil and Gerold I]. l t h n -  
I I C ? ~ ,  boih GMX-1. 

JOWOG 16 Meciing, AWRE, 13rug 
land, Ocf. 9 Y-2 4 : (CI ASSIFIEU) 

"Sonsors for Velcr Saicllitc 
luunc hos 1, 2, and 3. I h t o  cind 
12esulis from I.ciuiic.Cics I and 3" by 
Jt r tnci  t i .  Coon, P L ! .  

I I th  Nuclear Science Symposii~m, 
Philcwlelphiu, Pa., ( k t .  28.30: 
"A rhct moclcctr IC Conttlol Ap- 

purotus foi tho :-abrit ation of. I i lhi 
um [Iriftecl Get inanium Ikiuriors" 
by John M. Palms, P-IIOR; Ariliur 
H. Gtccnwood cind Williutn I .  F i t  15 

w e ,  both P-I . 
"rratisient Rc:spotise ot Sol id 

Slufc I9ctectors" by Arihur H ( v w  
mcndingct, W El ,  Mytan G. Silbert, 
P DOR, and Allcvi Moab, P-3. 

Ameticori PhysicaO Society Meeting, 
ClliCClZjO, Ill., r m .  '!3-24: 

"~lherrnal Ncviiron Capture Gain- 
mn.-r-try Specirum from U"'(n, 

LJ23W/ hy 1-1. 'I_. M,citz, E. 1. Jurney, 
arid W. ' r .  Ford,, all 1'-2. 

" Ion i za t ion by 1% erg et ic Si I icc n 
Aicirns wiiliiri (2 Silicon Laffico" Iiy 
Alluri I?. Saitlor (Scinclia) and Myron 
E;. Silhcrt, t-'~~DOI<. 

" ne ut-ron Ex per i- 
meni:;'' hy IZogor H. I'crkins, P-UOR. 
(Inviied I'aper) 

1'0 I a rim t io t i  

'Ttiermiotnic Ccinvcrsiorr Specialist 
Cunfctetice, &veloiid, Ohio, Oct. 
26-28: 

%(t 0,pcti (;itciJit Voltage cis a 
' I h  cr m io t i  ic Go I ivc!rier Dici g nos t ic 
'I'<xJl'' by Daiiiol Wilkins, summcr 
sluclent in N-S. 

" Eleci  on '~'eili porcrture a n t i  Ian 
I3t:nsity l'r<lf\lt!!j in cx Cosiutn Plasma 
Diode'' by Walter I<eichelt, N-5. 

Health Physics :3oc:iciy and Indris- 
tricrl Hygiene Association Meeting, 
C:nlorado Sprirrgs, Oct. 29.31 : 

"Mcrnngoineirl I'oinf of viow of 
lti(liJ:,tricil Iiygiciio cmd tlealfh 
Physic:j" (['anal Discussion) kiy H. F. 
Schulto, H-5. 

"A Review of Laborutory Hood 
Ventiltntion" by k. N. Miichell, H.3. 

"'l~er:l-inical Writing" by Helen M. 
Miller, IH-5. 

"I-Iccilth l ~ l u z d s  Associated with 
l.a:;ci.s" by Jtirries I). DoField, 1-14. 

'"l-ho Role of ihe Hcalth Survey- 
or" I)y I<. J. Miller,, tl.-'I. 

FIVR~.lO Atomic Weapon Research 
Muci inq , Alcle rtn asto tl, England, 
Or: t ,  19-23: (CI"ASSIFIEi9) 

"C:otripatihilily l'csting o i  Ad- 
hesives" by F. W. Dul3ois, GMX-3. 

"Pro pa ration o.C 1'1 ustic Bonded 
tktectoi-s for N U C I C ~ ~  Weapon Di- 
crgnostic: Studies" by James S. 
Ctiurclh and IPierrc F. tlurtshornc, 
bot C i  CMB-6. 

"t obricaiioii 0 1  -refloil by Iiydl-os- 
ttri-ic: Pressing" by J. S .  Church, J. 
K. Ilontwhoc, tirid 1-1. Sheinberg, all 
(3AC1-.6. 

.OS ALAMOS HIGH SCHOOL POOL: F 

.chcdule for public swimming. Adults 
:ents, siudcnts 15 cents. 

7:30 p.m. to Y:30 p. 
7 2 0  p.m. to 9:30 p. 

1 :00 p.m. to 6:OO p. 
1 :00 p.m. to 6:OO p. 

Moiidciy 

Wednesday 
Saturday 
Sunday 

ruesday 

7:3O pm. to Y:3O p. 

3UTDOOR ASSOCIATION: No char< 
>pen to the public. Contact leader fol 
ormatioii oil specific hikes. 

Sunday, Novernbei 8, Uppel Crossir 
Stone Lions, Bundelier Headquarte 
Leader, Ken Ewing. 

Saturday, I'lovembei 21, Bandelier Hec 
quortcis, Alamo Canyon to F 
Grande; Frijoles Canyon back 
headquartors. leudcr, Bob Day 

Saturday, November 28, llondo Cnnyc 
Leader, Ken Ewing. 

'ILM SOCIETY: Civic Auditorium. Fi l  
;Iiown 7 to 9 p.m. Admission by season i 
<et or 50 cents single adinission. 

Wednesday, November 18, abbreviat 
versions of two films: "Triumph of t 
Will" (Nazi propaganda), and "T 
Days That Shook the World" (Russi 
propaganda), 

4 NIGHT AT CIVIC AUDITORIUM: w 
Mciiia Sophio Zeigner i n  Songs of l o d  
2nd Yesterday. Civic Auditorium, Fridc 
November 27, 8 p.m. Admission, $2, pi 
ceeds to chaiity. 

INTERNATIONAL FOLK DANCE CLl  
Open to tlia public. Meetings Novemt 
17, Deceinber 1, 8 p.m., Recreation Hall 

AN EVENING OF FOLK MUSIC (Especia 
(or People): Southwestern Folksinge 
Guild in conjunction with high school "Si 
Sing.'' Friday, Novombor 13, 8 p.m., L i i  
I Iieatcr. Admission $1. 

IOS ALAMOS CONCERT ASSOCIATI0 
Bcrnaicl PeiAei Jazz Trio, Tuesday, Novt 
bet 17, ft:I!Z p.ni., Civic Auditorium. L 
mission by iiiembersllip ticket. 
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Through 
One Hundredth Person To Get Degree 

LASL-UNM Study Program 
William R. Daniels, a chemist in 

J-11, has become the one hundredth 
person to complete degree require- 
ment work in the academic train- 
ing program that is conducted by 
the Laboratory in cooperation with 
the University of New Mexico. 

Daniels will be awarded his PhD. 
in chemistry at UNM commence- 
ment exercises next June. 

A 1953 BS graduate of Iowa 
State University, Daniels received 
an MA in radiochemistry from 
Washington University in 1955. He 
joined the LASL staff in 1957 and 
promptly enrolled for courses in 
the Graduate Center. He was nomi- 
nated for the advanced study pro- 
gram in the spring of 1960 and 
spent the 1960-1961 academic year 
on the UNM campus in Albuquer- 
que. 

Daniels’ achievement as the one 
hundredth degree-winner prompted 
Ted Dunn, of Personnel’s Orienta- 
tion, Testing and Training Group, 
to take a look backward at the 
Laboratory’s academic program. 

Graduate courses were first of- 
fered for resident credit at Los 
Alamos in 1950, Dunn recalled, but 
93 of the 100 degrees have been 
achieved since the establishment of 

the UNM Graduate Center here in 
1956. There have been 18 PhD. or 
ScD. degrees earned, 68 MS or MA, 
and 14 BS or BA degrees. 

Of the 18 persons who have 
earned doctorates through graduate 
study at Los Alamos, 14 are em- 
ployed by the Laboratory today. 
Another, C. Gcrald Warren, is a 
member of the chemistry faculty at 
Colorado State University and was 
a consultant to CMB-1 this past 
summer. 

Ninety-eight degrees have been 
earned by LASL staff members. The  
other two: Ruth Bombardt, wife of 
John N. Bombardt, SD-1, a BS in 
biology, and Rudy Velasco, present- 
ly superintendent of the power and 
light section of the Zia Company’s 
Utilities and Engineering Division, 
an MS in nuclear engineering. 

The  program has contributed 
greatly to stability in the Labora- 
tory’s professional work force, Dunn 
said. Of all staff members who have 
received degrees in the past 11 
years, 72 per cent are still employed 
in research or engineering positions 
at Los Alamos. This is equivalent 
to an annual termination rate of 
less than 3 per cent. The  rate for all 

employes for the same period has 
been 6 per cent, a very respectable 
figure itself compared with similar 
institutions. 

Another benefit from the Grad- 
uate Center, Dunn said, is its use 
for offering refresher courses at the 
graduate level in subject areas sup- 
porting the Laboratory’s technical 
programs. This is of particular 
value to PhD. staff members who 
wish to audit-attend classes but 
receive no academic credit-courses 
in areas affected by rapid technolog- 
ical change. It is one of the reasons 
for the Laboratory policy of 50 
per cent tuition assistance for en- 
rollment in audit status in academic 
training program courses. 

Dr. Glenn A. Whan, associate 
professor in charge of nuclear en- 
gineering at UNM, is director of 
the Graduate Center at Los Alamos. 
He is now preparing a new cur- 
riculum basic to achievement of an 
MS degree in the seven subject areas 
served by graduate-level instruc- 
tion. Required “core” courses will 
be offered in a cycle, making it pos- 
sible to attain the degree in three or 
four years while in residence at Los 
Alamos. 

NEW HIRES 
John Dean Brant, South Bend, In- William L. Jennings, Albuquerque, 

Connie Rae Pyburn, Los Alamos, Alfred C. Bateman, Albuquerque, 

Edward Lee Bradley, Atlanta, Geor- Charles Don Reese, Camden, Arkan- 

Mary Helen Burns, Los Angeles, Donald A. Garrett, New Orleans, 

diana, SD-1. N.M., P-1 1. 

PER-3. N.M., J-7 (Rehire). 

gia, CMB-6. sas, GMX-4. 

Calif., SP-LA. La., GMX-1 (Rehire). 
Edwin Charles Dudziak, San Ber- Robert Ernest Smith, 

nadino, Calif., GMX-3 (Rehire). 
Barbara Jean Pollock, Los Alamos, Janice Elnora Shadel, 

J-10 (Rehire-Part Time). H-1. 
William W. Clendenin, Pittsburgh, Martha S. Canada, 

Pa., T-DOT. T-DO (Rehire-Part Time). 
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Nev., J-17 NRDS. 
Las Vegas, 

Los Alamos, 

Los Alamos, 

Joseph G. Valdez, Dixon, N.M., H-4. 
Henry Watt Tyler, Fowler, Colorado, 

Arthur J. Hundhausen, Wausau, 

Dennis E. Smith, Albuquerque, N.M., 

Larry Richard Ebaugh, Baltimore, 

Mildred V. Hicks, Los Alamos, Bus. 

Randy C. Adams, Los Alamos, H-4. 
John Armin Gerber, Idalia, Colo- 

CMF-9. 

Wisconsin, T- 12. 

N-5 (Rehire). 

Md., SD-2. 

Off. (Rehire). 

rado, ENG-2. 



Stark against the rrrituniri sky, the I himney or rx Suriclt duplox 
syrnboliLes the bc girtning of the vnd of what 70 years crgc, 
was the elite h o u h g  at Ios Alamos bu! wkic h inow is rutcd 
"siit)statidard." 'The tluplc:x, at 131JO ;!&I Stroi!t, was the f i t s )  
Sundt 10 be takcri out in a progroin itiut evrwtually will SW: 

removd of 326 iiiiit*). l h e  duplex and quciclruplexe., wc'w 
suld or1 bid to the 10s Alaiwos Tvandcr  Company. Builk iii 

1943 and 1944, the Sundts were home to mast of the tap 
1al)oiatory stuff fot many years. The Atomic Energy Coin 
mission expects at least holf of the Suridt units to be vacant 
by Ianuary I ,  1965. Bill Kegan's photo of the fireplace and 
chimney was iaken a f t e r  the frame duplex was cut u p r t  cind 
hauled on u truck to Espanola, where it will probably be 
renssemliltsd rind used nguin. 



Artistic Interpretatton b y  William Thonson 

H o w  t o  contain, for  t imes - 1 / 100-second at  
pressures of  several hundreds I o f  atmospheres. some 

PROBLEM: 
Plasma Containment 

deuterium gas which has 
been heated to  temperatures 

sands of t imes higher than 
tha t  a t  which all materials 
become vapor. This problem 
typifies the  challenges faced 
by Los Alamos scientists and 
engineers in many areas 
of basic research. 

100,000,000" K., thou-  

Qualified applicants interested 
in research at  Loa Alamos 
are invited to send resumes to : 
Director of Personnel, 
Division 64-1 08 

SCIENTIFIC LABORATORY 
Of THf UNIVERSITY Of CALIFORNIA 
10s ALAMOS. N€W MEXICO 

An equal opportunity employer. United States citizenship required. 


